ABSTRACT -This study developed predictive models for the kinetic behavior of Staphylococcus aureus on processed cheeses. Mozzarella slice cheese and cheddar slice cheese were inoculated with 0.1 ml of a S. aureus strain mixture (ATCC13565, ATCC14458, ATCC23235, ATCC27664, and NCCP10826). The inoculated samples were then stored at 4 o C (1440 h), 15
o C (48 h), and the growth of all bacteria and of S. aureus were enumerated on tryptic soy agar and mannitol salt agar, respectively. The Baranyi model was fitted to the growth data of S. aureus to calculate growth rate (µ max ; log CFU·g ), lag phase duration (LPD; h), lower asymptote (log CFU/ g), and upper asymptote (log CFU/g). The growth parameters were further analyzed using the square root model as a function of temperature. The model performance was validated with observed data, and the root mean square error (RMSE) was calculated. At 4 o C, S. aureus cell growth was not observed on either processed cheese, but S. aureus growth on the mozzarella and cheddar cheeses was observed at 15 o C, 25 o C, and 30
Introduction
The consumption of cheese has increased globally, and in particular, in Korea, since the 1990s
. Cheese is regarded as one of the safest foods, but it is often implicated in food-borne outbreaks, especially of Listeria monocytogenes, Staphylococcus aureus, and Escherichia coli 2, 3) . In general, there are many outbreaks of S. aureus
4)
. The bacterium produces enterotoxins, causing intoxication and food-borne illness 5)
. S. aureus usually exists on the skin and nasal passages, and the pathogen can easily contaminate food 6,7)
. The foods commonly associated with staphylococcal intoxication are meat products, salads, cream-filled bakery products, and dairy products 8) . To describe kinetic behavior of S. aureus in the foods, many mathematical models have been thus developed. However, there have been reports from many countries about S. aureus being isolated from various cheese products 9,10) . Hence, many countries have a quantitative standard or "zero tolerance" policy to control the pathogens growing on cheese 11, 12, 13, 14, 15) . Furthermore, mathematical models need to be developed to describe kinetic behavior of S. aureus in cheese, which should be useful in exposure assessment.
Predictive microbiology has been used to develop mathematical models to predict the response of food-borne pathogens to food-related environments 16, 17) . Usually, mathematical models have been used for exposure assessment in microbial risk assessment 18) . A primary model describes the kinetic behavior of food-borne pathogens on foods, and a secondary model describes environmental influences on kinetic parameters such as maximum specific growth rate (µ max ) and lag phase duration (LPD) 19) . Therefore, the objective of this study was to develop mathematical models to describe the kinetic behavior of S. aureus on cheese. C for 15 min. The resulting pellet was thoroughly washed with phosphate-buffered saline (PBS; pH 7.4, KH 2 PO 4 0.2 g, Na 2 HPO 4 1.5 g, NaCl 8.0 g, KCl 0.2 g per liter of distilled water) twice. The pellet was resuspended in PBS, and the cell suspension was then diluted with PBS to 5-6 log CFU/ml.
Sample preparation and inoculation
Two commercial processed cheeses (mozzarella and cheddar slice cheese) were used in this study. Each 18-gram formed slice of cheese was removed from its plastic wrapping and inoculated by spreading 0.1 ml of the inoculum on its surface by using a sterile bent spreader. The samples were then returned to their original plastic wrapping, and two samples were sealed in a plastic bag by a sealer (Food Guard 
Primary model
The procedure was performed twice with two replicates of each sample (n = 4). The Baranyi model 20) was fitted to the S. aureus growth data for each cheese product and the kinetic parameters such as the maximum specific growth rate (µ max ; log CFU·g
) and LPD (h) were calculated with the DMFit package (Institute of Food Research, Norwich, UK).
Secondary model
The square root model was fitted to µ max and LPD values as a function of temperature to evaluate the effect of storage temperature on the kinetic parameters. The square root model and exponential decay model was suitable for fitting of µ max and LPD, respectively. The function of these models are as follows (1) Where α is the slopes of linear regression, T is storage temperature, and T min is the theoretical minimum temperature value for the growth of S. aureus on processed cheese.
Where a is the initial value, and b is the increase rate.
Validation
To validate the developed models, observed S. aureus cell counts were obtained from another study. These observed data were then compared with the predicted S. aureus cell counts, which were calculated using the models developed. Subsequently, the root mean square error (RMSE) was calculated to evaluate the model performance, as follows:
In the above equation, "n" represents the number of observations.
Statistical analysis
Growth parameters were analyzed by the general linear model procedure of SAS ® version 9.2 (SAS Institute Inc., Cary, NC, USA), and the LS means among temperatures were compared with pairwise t-test at alpha = 0.05.
Results and Discussion
No bacterial growth was observed at 4 o C from samples from the mozzarella or the cheddar slice cheese (data not shown). Thus, primary models were developed using only the S. aureus growth data from the 15 
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